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ABSTRACT 


The problem of predicting the aerodynamic oharactoricties of 
eonfiruretions at hypersonic Mach numbere me been unreliable due 
to the lack of experimental date. 

By prodicting the aerodynamic cheracteristice of a wedge and 


cone at Mach numbers fron 2 to 12 by fou different supersonic 





theorios, a basis for future experimental comparison wes provided. 
An attenpt was mide to correlate the theoretical result of a 
20° wedce and cone with wind tunnel test results of the samo oonfie 
guration. However, due to seheduling difficulties the experinental 
phase was not completed in time enough to be included in this report. 
The theoretical results indicate that the hypersonic similarity 
solution gives close agreement with the ex&ot solution for large 
Mach numbers. The linearised and second order theory deviates from 


the omot solution for Mach numbers greater than 3. 
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SYMBOIS AND MOTATION 


The following aro the symbols and notation with their definitions 


used in this investigation. 


static pressure of the flow. The subscripts denote flow 
field (i.e. ) 
l e free stream 
£ = flow behind shook e on body 
o = stagmtion conditions 
s = flow m surface of body. 
pressure coefficient =  Ap/q. 
free stream dynamic pressure 一 3 م‎ F = p, M; 
free stream velocity. 
speed of sound a; کل د‎ Subseript indicates some condi- 
tions os pressure p, ο 
fluid density. Subseripte same as for p, . 
Mach number = Mi /a; . Subscripts same as p; ° 
inclination of shock weve, or the quanity E 1 ° 
ratio of specific heats ^ 1.4 for air. 
qylindrical or spherical coordinates . 
Cartesian coordinates. Subseripts denote orthogaml directions 
of axis. 
velooity canponents. 


LA 





lx 
SYMBOLS AND BOTATION (contimed ) 


۷ ° 
indicate T ) τ. where 4 , k are coordinates of 
人 


systen being used. 

semi-apex angle of cone or wedge, and flow deflection in 
one case. 

potential notation. 

angle of atinok. 

non-dinensional coordinates, or variablea of integration. 
body thicimess, or total apex angle. 

body length, 

thickness ratio parameter (N, Dél, 


i. INTRODUCTION 


The purpose of this investigation wes to determine the aerodynanic 
oharacteristics of a wedge and cone at hypersonic Mach munbers and to 
correlate these results with existing theorios. 

Singe there has been little or no experimental date available at 
extremely high Mach numbers, tho reliability of oxtending existing 
supersonio theory to hypersonic flow is questionablo. The provlen is 
vast, inoluding as it dees, the question of viscosity, shock weves and 
deviations fras a perfeot ges. However, in this investigation only one 
phase ms to be considered timt of oorrelating, without corrections for 
viscosity, shock waves end deviations fran a perfect gas, the experimental 
results of one confiruration of a wedge and a cone with the various supere 
sonic theories. Also an attempt wae mde to predict, theoretically, the 
surface pressure on various configurations of wedges and cones by four 
different theories covering the range of speeds from Mach number 2 through 
12, thus providing a basis of ccaporison for futuro experimental work. 

The conficurations used in the theoretical investigation were: 

1. Wedge with apex angles of 59, 109, 209, so?, 409, 50° and 
60° at angles of attack of 0°, 2°, 49. 

2. Cone with apex angles af 5%, 109, 209, s09, 409, 509 end 
609 et sero angle of attack. | 


In the experimental pmse the only configurations to be tested were the 





EN 


weige Gnd cone with e 20% unex uncle. 
The four methods used in detoralnin; the theoretical vrossuro dise 
tridut.ons wero: 
1. Obdlique ShockeVedce; Fsact Theory for Cone 
Ze Firet Order Theory - Linecriged Theory 
$e Second Order Thoory e Iteration of Linecrized Theory 
4.  Hyperponio Sínilority. 
A brlof disoungion of each of the above theories is niven on peros 3 to 19. 
Duo to scheduling difficulties in the hypersonic tiumel, tho oxperie 
mentai pimse o? this investigetion was not coneluded in tine to have tho 
results included in thio report,  lowcvor, es tho experimental portion of 
‘She investication ia to bo contimed, the correlation of test results with 
the theoretical results presec:ted in this revert will bo mde at a leter 
date. 
Pigs. 1, 2, S and 4 sive sretehes and photercraphs of the nodels thet 


will be used in the oxperimental phase. 





II. CALCULATIOIS BY THE VARIOUS TERORIFS 


A. Oblique Shook Theory ~ Wed; 6 j 


From the normal shock theory, the rolation for the presoure rise 


across the shock to the free stream pressure is given as (cf. Ref. 1j 
Š = 2ὅ[μι-ι 1 
P; P, Zb. yel [ ] (1) 


To transform this equation fer use in case of oblique shock waves it 


18 enly necessary to replace My by My sin D, whore B is an inclimtion 
ef the shock wave. 


27 E az 
p - Pp p — [ M, SIN - j 2 
1 LA ES Թ | (2) 
The pressure coefficient ° is defined es 


Cp = b;-p,/ 1 (5) 


where q is the free stream dynemio pressure, end ¿8 equal to 


I” MË më hë, ر‎ 


՛2. 
since M, = U/ a, end a, = (> P, / p.) 


and by substituting Eqs. (2) and (4) into Eq. (5), the pressure 





coofficient bocones 


C. z Px bi E 4- M? ւո "Հ | գ) 
: $ p, M/2 Mi Cyt!) L P ] 
with ա . sın ß - $t! SINS SINE 
ան 2 costp-9) 


The resulting pressure coofficienta based on Eq. (8) are given in Tables 
1 to S and plotted on Figs. 5 to 7. 
B, Fxact Solution for Cone 

The equation fer steady isentropic flow in spherical coordinates 
with axial symmetry is given as (cf. Ref. 2) 


1. 1 1 1 | 
(a-u )Ur * M4 Vë ՀԱՄ E Met Wa) 


(6) 


+ a 244νεοτ . og 
r 


where direction of velocity and coordinates aro 











Por the case of flow past the unyewed cono, it is assumed tiet all 
fluid properties are constant on any omieal surfuce having the same 
vertex and axis of symmetry as cone itself. 

If the coordimte axis are placed at the vertex of the هده‎ the 
above assimption results in the fluid properties being independent of 
f. The irrotationality oquatien for this case is 


ՄԷ Հ E - J Us = © (7) 


From the basio asmmption thet the flow is independent of r, the irrota- 


tionality equation becomes 


du . uU 

--- = 8 

15 (6) 
EN u A . (u+vcore)= o (9) 
de τ -υἵ 


By integrating thís equation ít is possible to evaluate the flow 
field. Kopal has dono this integration by a numerical nethod and has 
tabulated the results (of. Ref. 5). Kopal has also tabulated the ratio 
of pressure on the ocne to that inmedlately behind the shook ware, and 
the ratio of the pressure imnodiately behind the shock wave to that of 
the undisturbed free stream, i.e., p/p, and p/p, respectively. The 





product of theso ratios gives p/p, which in turn makes it possible 
to oalculate the pressure coefficient 


Gp, = "TT ( Ps - P1) 7 b, (10) 


The results of this caloulation are tabulated in Table 4 and are plotted 
on Pig. 8. 





By lineerisinz the equetions of motion and essuming thet the flow 
ie irrotational, a perturbation potential my be introduced (cf. Rof, 4) 


The linearized equation of motion beccnes 


2 í { ͵ 
Bi in, Bu + δε, 4 Տ - o (11) 
αι à X, IX) ax, 
wher o 
u = U= omst. u “Ura! 
ες = ' 
a "y: e 


(away fran body) (neighborhood of body) 
Introducing the perturbation potential 








tho equation of motion becomes 


2 AAT d : 
(I T) xt * 27 + A E = O (15) 
I x ox à X, 


For oconsistanoy the sane approximtion for determining tho pressuro 


coefficient was mode. Fran tho isentropic rolationship, tho pressuro 


ratio is 
¥, 
y-! 2 δ-! 
2942 - Fr] (14) 
| + i M; 
whioh roduoes to 
d 
P: / P. $ اس‎ /- (157 
I + s M, Z u /U 
and 
1 ' 
pa /P, S I- EM, Eum 7... (16) 
and since 
ὅ E ^ է 
٩ M, p, = = e. U, 
Cp = -2 “IU (17) 





By finding i solution which satisfies both the boundary cenditions 
as well as the perturbation equation, the pressure coefficient equation 
becanes 


M, - | dx, boundary 


or for the case of the wedge 





M; -I 


Table 5 gives the values of C թ for a wedge at sero angle of attack as 


calculated by the first order theory, and & plot of Co ve Meoh number 


is given on Fig. 9. 

In ealouleting the pressure coefficients for the wedge at angles 
of attack (29, 49) uy the linearized theory the seme equation as used 
for the zero anglo of attack caleulations will hold. 


(18) 
p 38 ----ծ- [5 


EL. 2 之 Es 
۷٣-۱ dX boundary 





However, for this case the slope of the upper and lower surfeoes will 


- 


differ by the angle of attaok. For the case of positive angle of 


attack 


= —4___ 4m (0 © 8) (20) 


= 2 tan ( O +c) (21) 








Tables 6 end 7 give the calculated first order value of tho wedge at 
angles of att2ok of 2°, 4”, and their plot versus Mach nunber is given 
on Figs. 10 and 11. 


D. First Order Theory < Cone 


The linearized potential equation in qylindrical coordinates cesume 


ing axial symmetry is 


CW: A (22) 


ds 
gr” r 





at 


A 
ae + HECKER - © 
dr ax? 








10 


By assiming that the effects of infinitesimis can be superimposed, 


the potential of the additional velocities ms tho form 


x-pr 
bon - n — (25) 
a ya sp - p*r? 
where β - Ἔτι 


By asswming the vertex of the body at x = 0, this integral can be 
transformed by letting 2 = 0086] us Then the potential becomes 


ο 
中 = fCx- gr cosH U) du (24) 
cosH X 
pr 
and the velocities canponents are 
H? and 36 (25) 





à x ar 


Von Karan solved the above equation ín (Ref. 5) and the solution 


for the overenrossuro aoting on the surface of the cone is 


2 Si Në 
Ap = 6م‎ — OSH — ech 
¡- 0% + O cost” .L 
2 ep 
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or epproximately 


^p وتم‎ Loa (= (27) 


Ly 


fron vhish 


where © = semi-apex angle. 

The caloulated values of the pressure coefficient, C yo for the first 
order solution of the cone is given in Table 8 and the plot of e, vs Mach 
number is given on Fig. 12, 


Second Order 





The linearization method which led to the Prandtl-Glauert equation 
can be considered to be the first step in an iteration procedure corres- 
ponding to the general teolmique of solution by successive approximation 
based on the theory of perturbations. | 

Busemann (Ref. 6), has carried out the iteration process for super- 
sonio flow in which tho potential function is expanded in a power serios 
in a paremeter proportional to the thickness ratio of the body. Busemnn's 
result to the seoond order for plane flow for the pressure coefficient is 








2 
| օ" 
2 (Mj-1)* (29) 


This equation was used to canpute the d for Cheeedceg under considera- 
tion. In thie equation © is the angle of flow deflection, for sero 
angle of attack it corresponds to the wedce seni-cpex angle. 

Tables 9, 10 and 11 give the calculated second order values of De 
for the wedge. The plot of these values are given on Figs. 13, 14 and 
15. 


δ. Second Order Theory = Cone 





For axially-aymetrio flow the problem of determinins a second 
order approximation 4s reduced to first order problem dy the discovery 
of a pertiouler solution of the iteration equation, The iteration 


equation for a cone as given by Van Dyke, (Ref. 7), ia 


ES o. + $ E Μι [2(ν-ι)ε $, $-t $) 


(50 


-2t d. v NTEN & ] 


where the conoial nomeorthogonal coordinates are (x, t) end 





t= prix p = M -I Ν- (χε) Μι 


Zë" 


p" yt δι ha” t A, 
$ = P δ. d'A E δι. 
and 
$ is first order perturbation potention 
$444 


is seoond order perturbation potential. 
And the boundary conditions are 


Pr 
= glope of the cone surface 
TES vë 





β $us - «լ m - pe $ ceo] 


eoo = φ (55) ՀՕ for second order solution 


where the seni=vertex angle of tan”? € ° 
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By use of an integrating factor == tho homogeneous equa- 


tion can be integrated to give the result 


ὁ - -Α( «ει 5 - (ՇԿ) 


4 (52) 
A = 


ji-pte + © SECH ” 'C pe) 


Substituting this result into the above iternation equation, Van Dyke 
(Ref. 7), gives for the canplete second order perturbation potential 


— (2) 


$ ct) = -A (secu t -փ- է ) 


+A™M, [BcsecH t - Ji-t') + (seen 4) 
(55) 





- ( N+!) Ji-t* SECH t -BA d-t” ] 
4 


The streamwise and radial velocity perturbations are 


U z -A sH t + A'M, [B sicn t + cse t) 
U 


(34) 





-CN-1) secu +t - (N41) - 3. Alt: 
/1-t* zf d | 


= Αή-ὲ + AM, [- B A-t - 2٤ غه‎ t 
t t t 


D |- 
G |< 


(25) 
(ON € Le moot sect + 1L pA کي‎ 
t di - 1 P t? | 
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The constant B mist be adjusted to satisfy the tangmoy condition 
given by Eq (31). 

Fron these expressions the pressure coefficient at any point can 
de calculated fron 


— 
օօ: Հ f[i+ 4 mic 4,9] 1) (55a ) 
SM, Ծ 

The oaloulated values of °, for the cone by the second order theory ore 
given in Table 12. The plot of these values versus Mach number are 
given on Fig. 16. 
Ge _Hypersonio Similarity 

Hypersonio flows are flow fields where the fluid velocity is much 
largor than the velocity of propagation of small digturbenoes, the 
velocity of sound. Teien, (Ref. 8), has doveloped the similerity lows 
for hypersonic flow. 

If u, v are the conponents of velocity in tho x, y directions and 
a is the local velooity of sound, the differential equations for irrota- 
tional two-dimensional motion are 


eae wu - uy (u + 1 )+(1-Y y, =0 (36 ) 
oo” SS št πι, 


٢ - w= 0 (57) 
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Introducing the perturdetion potential as 


u: U+ 3 中 u = à$ (58 ) 
ax 97 
and the relations 
at= ao -Xl curv") = ag - X [u*szu$, 
2 2 4 ւ. (59) 
+$.) +C$/)] 
a. z ας = = Lr (40 ) 


Since for hypersonic flow both ea, end 33 ` A are small 
x 


compared to u, the equation of motion becomes to the secon order 
2 1 
[i- Y *0 M, 1 $, ` i at =M, JP - 
(41) 


2M, à Oy Pxy +f Wall $.- ze L] ° 


Von Kërmin, (Ref. 5), has shown that for hypersonic flow over a 
slender body the variation of fluid velocity due to presence of the 
body is limited within a marrow region close to the body, the hypersonic 
boundary layer. Therefore, in order to investigate this velocity varia- 
tion, the coordinate normal to the body was expanded. If 2b is the 
length or chord of the body and 6 is the thickness of the body, the 





17 


nonedinensionel ooordinatos ծ and ^ oon be defined as 


n 
x = b Í Y= b(2)n (42) 
where n is an exponent greater than O from above condition of ooordinate 
expansion. 


The appropriate nonedinensional form for the velocity potential is 


$= o, b + f (En) (45) 


By substituting oquations 42 and 45 into equation 41, and letting 


h = | M © = K 


Tsien gives the differential equation for twoedimensiom 88, 


[1-OG-03f - zu 4 ae 
δέ 1% (44) 
K” e ح ې‎ UE 
ag δη ὃς δη 
with boundary conditions | و‎ 
of ς 34 z Q AT oo 
5 δη (45) 
at = Kh -I< Ç < | 
ME եմ ($) j 


where h(f) -1ς ἔς 1 is a given function desoribing the thickness 
distribution along the length of the body. 
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This similarity lew means tnt if a series of bodies having the 
same thicimess distribution but different thickness ratios ( SA) are 
put into flows of different Mach munbers M, such that the products of 
M, and ( °/>) remain constant and equal to K, then the flow patterns 
are similar in the sense thet they are governed by the same function 
£($ .N ) determined by equations (44) and (45). 

For axially symmetrical flows, the ordinate y is the radial dis- 
tance fren the axis to the point concerned. Then a similar analysis 
leads to the following differential equations &nd boundary conditions. 





E. af الو‎ | af |? Ἔ 
friem - m de (YE پو‎ 
[ 7-1) y ^ . (ΤΠ ) ] nt 
Epod Zr ao lt = (46 ) 
اد‎ 2 κ' d x 
235 Vf Kf 
dh dn AL 
په‎ 2 af ο AT co 
96 δη 
(47) 
E. = K h( š 
(η ېو‎ ٥ h CE) IKËKI 


where ht է) le the distribution funotion for cross-sectional areas 
along the length of the body. 

Shen, (Ref. 9), solves these basic equations by expanding the 
solution into a series near the initial point and integrating 





19 


nuaçrioally. The result of this integration determines the flow 
field, and fra this flow field, the uurfece pressure cooffiolent 
can be found. For tio cone, Shen gives a curve of ce” ve Ky 
(ef. Pig. 17 and Table 13) which, by using the sinilerity parameter 
K, suffices for various slender cones in hypersonic flow. Using 
this ourve tho d based on hypersonic sinilitude was readily calcu- 
lated. 


For « wodge Shen's analysis results in the equation 


ATE = = + 2 it + IKË (48) 


where © = 1/2 apex angle. 
The caloulations based on the curve and equations ere given in 
Tables 14 to 17, and are plotted on Figs. 18 to 21. 
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III. COMCLUS ION 


Pige 22 gives « erosseplot of the surface pressure coefficient 


for tho 20° total apex angle, wedge and cone at sero angle of attack. 


Exemination of thie curve indicates: 


The hypersonio similarity solution pives close agroanent 
with the emet solution for Mach numbers above 6. 

The second order solution gives close agreement for the 
low Mach mmbers bolow 6. 

Tho lineerigoed theory solution gives, trroughout the 
complete Mach number range, values considerably lower 
than those of the ex&ot theory. 

The first end second order theories for tho cono give 
imginary resulte for particular values of apez angle 
and Mech number. In the case of the 20% cone above Mach 
number of 8.7 for the second order theory and Mash nunber 
of 11.0 for the first order theory the solution ia imginary. 


1. 


Se 


ko 


Fig. 28 shows the lift ooefficient C, va M for the 20° wedge at 2° 


and 4° angles of attack. These curvos follow the same pattern in regard 


to agroement with the exet solution as the calculated values of tho 


pressure coefficients. 
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Yedso 
Oblique Shoe! Theory 


0° Angle of Attac: 








2.0 ‚0716 0 «2065 435 .665 

738 . 581. 98 2425. 1581. 0558. 0241. 4.0 
666« 0434 529. 203. 106« 86 0177. 6.0 
041 465« 9095« 187. 0959. 0525. 40148 8,0 
634. 515 ه. 2 1705« 0871. 02094« 50116 10.0 
625. 445« 295. 172. 0855 026. 12,0 





TABLE 2 


Vedgo 
Oblique Shock Thoory 


20 Angle of Attack 





ա. 
ծ 
‘N 5° we 20° 809 40° 000 60° 
2.0 Cy upper 0155 2070 192 552 2556 .9€ 
lower . 104 «168 320 .51 . 800 
4.0 Շք upper «0048 .058 e100 «194 524 «476 «662 
lower .050 ‚086 .170 .298 .444 οἱ  .826 
6.0 Cp upper 00028 «086 078 » 162 .Ը70 e @< s 590 
lower e 040 «068 «142 250 554 552 + 742 
8.0 0 upper «0069 9018 «066 «146 «860 «8596 . 568 
P lower .050 .082 «1926 .0δ0 .S68 .550 .720 
10.0 d upper «0016 «018 «080 «140 256 590 e 560 
lower . 028 . 050 .120 «290 ° «520 710 
12,0 C, upper  .O0ll .012 «060 .140 .356 .590 «660 
lower  ,028 «060.186 .250 .560 .620 980 














Oblique Shock Thoory 
4° Angle of Attack 








Շք 

5 

M 59 109 209 so? 409 500 609 
2.0 Cy upper 025 .140 .290 .470 .720 

lower «154 .224 BT .608 
40 C upper. 0109 .072 #.150 .270  .414 8 
P lower .080 .116 .220 .864 «606 .692 .924 
6,0 ορ Upper .0069 e052 «124 226 .560 .516 
lower  .060  .092 «1846  .504  .450 .590  .8$0 
8.0 C, upper .0042  .044  .110  .218  .840  .494 
lower  .080  .080 170 «2886 «698 .866 .800 
10.0 Cp upper e 0040 .040 . 104 .206 .534 6496 
lower .Օ44 «076 « 100 «200 . 420 . 560 .790 
12.0 C upper «0057 064) «100 .206 .550 .460 
P lower  .044 .076 «16Ο «50Ο .420 .856 8 








Exact Theory (Kopal) 


0% Angle of Attack 








0 
ք 

M 109 209 509 409 509 609 
2.0 0348 «1046 62026 .5240 „473 .041 
4.0 .0250 . 0801 61600 2670 . $82 .551 
6.0 .0217 .0720 . 1500 62585 «5975 ο 554 
8.0 .0183 .0676 1465 «2550 .565 .524 
10.0 .0138 .0669 » 1440 «2520 «505 .519 
12.0 .0178 .0658 .1418 .2520 «365 819 
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ποάςθ 
First Order Zhoory 


09 Angle of Attack 











"e 
6 
M 59 هم‎ 209 509 409 509 60° 
2.0 40505 «1006 «2055 .5090 .4200 .5200 6650 
4.0 .0225 .0449 .0909  .1390  .1860  .2410  .2975 
6.0 .0143 «02966 «0696  .0900  .1252  .1580  .1995 
8.0 «0110  .0£19 «0445 .0675 .0916 .1172 ,.1450 
10.6 ¿0088 — .0175  .0$05  .0559  .0752  .0959  .1160 
12.0 COTS .0146 .0295  .044€  .0608 «0760 8ه‎ 








TABLE G 


Wedce 
First Order Theory 
29 Angle of Attack 


C 











P 
é 
M go 109 206 500 400 500° 006 
P lower .0905 .1420 .2455 .8550 .4670 .5800 .7220 
4, 0 C, upper Ó 0069 ,0725 1190 .1678 .2190 .2740 
6.0 Cp upper 0 0177 .0476 .0781 1100 „1455 „1000 
8,0 "e upper 0 .0131 .0554 .0580 .0876 .1066 .1555 
lower «0197 «5095 05955 «786 .1015 .1280 .1570 
10.0 C, upper 0 .0108 .0283 .0464 .0654 .0864 0 
lower .0158 .0247 .0426 .0615 .0815 .3025 8 
12.0 Co upper 0 0087 .0235 .0886 .0544 .0709 .0888 
lower .0151 .0205 .0555 .0511 .0675 .0852 .1045 
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TABIE 7 





Wedge 
First Order Theory 
49 Angle of Attack 


C 





P 
ó 

M ° wf e ο ο ο 
2,0 C, upper -.0502 .0201 4,1214 .2940 .9318 .4430 4,5030 
4.0 Co upper «.0155 .0090 0542 1000 .1430 .1930 .2510 
6.0 C, upper -.0089 .0069 .0356 .0656 .0970 .1500 .1650 
lower . 0585 «0056 .0844 «1165 „1508 „1875 .2880 

8.0 He upper »«.0066 0044 .0264 .0488 ,0720 545 «1226 
lower «0266 .0898 .0626 .0865 .1118 .1391 .1695 

16.0 Co upper -.0055 «056 .0216 .0591 ,0577 .0772 80 
lower «05599 .0519 .0502 .0695 «089965 .1115 8 

12.0 C upper =<. 0044 .0029 .0176 .OS24 .0479 .0642 .0815 
P lower  .0190 .0265 .0417 .0575 .0745 .0905 .1127 








Cone 
First Order Theory 
09 Angle of Attack 


"e 

A ————— — 
u 8° 109 20° 309 400 509 609 
2.0 0134  .0594  .1140 .2056 .2982 8 4400 
4.0 DOJA .0203 «06565 «0050 «0955 «0046 
8.0 .0078 .0206 .0402 54 
8.0 , 0066 «0162 0270 
10.0 .0056 .Ο15Τ 509 
12.0 «0051 «0099 
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TABLE 9 


“edge 
Second Order Theory 
0° Angle of Attack 





"e 
6 
M 5° 109 209 300 400 Boo 600 
2.0 «Օ551 .1065 .2460 .4020  .5810 .7820 1.0000 
4.0 00255 .0519 .1276 «2190 .5300 .4590 .6070 
6.0 .0170 «0571  .0960  .1791  .2651 .5775 .6087 
8.0 .0133  .0500  .09080  .1401  .2846  .5488  .40625 
10.0 0111  .0257  .0720 .1559 «3168 .3262 «4589 
19.0 «0096 .0229 .0060  .1257 «2045  .5108 .4165 








TABIE 10 


Wedge 
Second Ordor Theory 
20 Angle of Attack 





° p 
ó 
M 59 109 209 so? «409 Թա 6006 
2.0 upper 20101 0644 .1898 .5571 eSO7O0 .6990 .9160 
lower .0996 .1627 .3054 .4717 .6600 .8695 1.1040 
4.0 Co upper 0065 .0504 0 «1805 2852 .4050 .5460 
lower .0480 ,.0811 .1015 .26014 .5795 .5161 .6720 
6,0 C. upper .,0080 ,0288 .0709 ,1889 .2255 .5506 .4554 
P lower .0340 .0393 .1236 .2069 .3085 .4282 .5655 
lower .0271 .0406 .1055 .1809 .2744 .3862 3 
10.0 Շք upôer «0185 «1586 «515 «075 1860 .2746 838 
P lower 0232 «0454 .0946 .1657 .2547 .5022 .4875 
12.0 upper .0015 .0121 .0468 .0994 .1707 .2605 .5693 
lower .0204 .0383 .0874 .1554 .2411 .8457 .4675 
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TABIE 11 


Wedge 
Second Order Theory 
4% Anglo of Attaae 








"e 
6 
u 5° 109 20° 500 400 5° 9609 
2.0 C_ upper =.0292 .0205 .1569 .2766 «4557 .0220 .8265 
P lower  .1497 .2118 .8605 .5446 .7400 .9600 1.2010 
P lower .0742 .1112 .1990 .S070 .4516 .5760 „7588 
6.0 C, upper e 0081 .0068 .0497 .1094 .1884 72 «4055 
lower  .0889 .0880 .1044 .:458 .8M1 .4818 «6066 
8.0 Cp upper «.0068 .,0048 .0898 .0927 .1640 .2561 128 
lower «0441 .0692 .1880 .2168 .$172 .4567 0 
10.0 C, upper -.0045 .0039 .0342 .0830 .1499 .2558 .5598 
lower .0883 .0613 .1206 .1990 .2952 .«098 .5422 
12.0 Շք upper =.0O056 .0083 .0507 «01765 .1401 .2222 .8237 
lower .0844 .0558 .1121 .1878 .2505 .8921 .5217 








ο 


TDIR یو‎ 


Cone 


Second Order Theory 











-ὁ-- 105 S= 20° -ὁ- so? ὅ- 406 
M cp M ορ M Co M ë, 
5.04  .0265 2.1% 1010 1.60 «5570 1.70 06 
7.68 7 9.01  .0881 2.68 .1857 2.80 .5155 
11.36 20209 $.91 0024 3.85 .1329 


5.tg8 «0821 


5.70.0829 
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Rypersonic Similerity Parameters 








Wedge Cone (Ref. 8) 
κ cə? K Gelle 
ol 15.200 «66 2.98 
.2 11.280 «95 2.68 
.Տ 7.980 1.22 2.46 
4 6.360 1,99 2.51 
.5 5.580 2.10 2.20 
«6 4.740 2.76 2.14 
.8 5.980 4.00 2.10 
1.0 5.556 
1.5 2.992 
2.0 2.762 
5.0 2.581 
4.0 2.500 
5.0 2.464 
6.0 2.446 


7.0 2.482 
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TABLE 15 


٥9٥ 
Hypersonic Similarity 
2% Angle of Attack 





Sé 105 6 
M Cou M Cp, H CR M 4 
11.80 .00115 2.80 ٨0 1,9? .041 1.65 .170 
5.89 .0550 3.08 .0S0 2.44 .120 
5.06 «0600 5.76 .022 3.25 .096 
6.52 06 7.70 ,017 4.06 .082 
7.60 «0980 9.60 .01& 4.80 .071 
10.20 «0280 11.80 .018 6.80 060 
12.60 .0225 8.14 4 











57 


TABLE 15 (continued) 


Fodge 
Bypersonic Similarity 


2° Ancle of Attack 





2096 505 6 
մ a M PL M Cn, و‎ 
2.15 .100 1.09 ,239 2.16 .85 1.93 «445 
2.84 7 2.58 .245 2.60 .251 2.62 «574 
3.55 «109 2.82 .215 546 2911 5.28 .532 
4.26 .85 5.76 «181 4.34 .187 4.90 .281 
5.78 .080 4.70 3 6.80 .159 0.54 «959 
7.10 «Ο71 7.04 156 8.65 «146 9.80 .242 
10.60 .060 9,80 .126 10.80 .157 18.20 .255 
14.00 ,117 








de 
9 
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TABLE 8 (continued) 


Wedge 
Hypersonic Similerity 
2° Angle of Attnok 








4096 5096 
M Cy. M Co, ۳ Ce, M 
2.59 .422 1.98 «868 — 1.08 ΠΟ 1.96 
3.00 «896 2.47 .500 2.55 .640 5.94 
458 .317 5.71 .490 5555 .540 3.92 
5.96 。295 4,05 .458 4.70 .800 5.89 
8.95 .274 7.42 .424 7.06 .466 7.88 
12.00 .268 8.90 .410 9.40 .455 9.80 
12.50 «404 11.75 .448 5 
60*5 
x ο) E AL 





1,08 31.010 2.40 1.170 
δ.δ «960 5.20 1.080 
3.75 .786 4,00 1.010 
678 8 6.40 .900 
7.00 .712 8,00  .904 
9,40 «700 9.60 .960 
11.20  .700 11.20 «0855 
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TABIZ 10 


Wedge 
Hypersonio Sinilority 
4? Angle of Attack 








59$ 10° § 

y M CoL M në i H Cp, 
2.64 «107 5.79 0045 1.90 «197 

5.58 «085 11.40 .0088 2.64 .159 

4.40 6070 5.16 4 

6.96 «062 5.80 «118 

7.08 «056 6.06 «099 

8,80 .046 6.54 .089 

15.10 .059 9.50 .075 
12.60 .069 
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TABLE 16 (continued) 


Wedge 
hypersonic Sintlarity 
4° Angle of Attack 





209 6 509 6 

M “e, M Py M E M "Pr. 
1.90 .123 2.01 .δδά 2.06 «2468 2082 «675 
2.86 .8 2.41 .2% 2.68 ۵0 2.91 .421 
5.80 .070 5.21 .247 8.10 .185 4.88 556 
4.78  .059 4,01 «220 4.15 4.155 5,80 9 
5.70 .052 6,01 .185 5.16 .8 8.70 «507 
7.60 .Ο44 8,02 .171 7.71 86 11.60 .298 
9,80 .089 12.00 0 10.60 «1086 





10.50 
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TABIE 16 (continued ) 


Wedge 
Hypersonic Sinilerity 








49 Anglo of Attack 








12.20 








4096 8096 

M օր N Cy κ Ge, κ ο 
2,09 .594 2.25 .708 2.08 .690 2.70 .925 
2.79 .550 5.87 .898 2.60 .624 561 .854 
5.49 «294 4.60 «550 5.90 .445 6.42 868 
5.21 .248 6.74 .514 5.20 6608 7.22 .775 
6.96 .229 9.00 «498 7.80 .58 9.01 .760 
10.50 .21& 11.20 .490 10.40 «δ 10.80 8 

15.00 .Ֆ64 

6096 

X Ca x Ge, 

2.08 «946 2.228 7 

5.07 .715 2.96 1.26 

4.10 .660 4.45 1.18 

6.15 86 5.92 1.14 

8.20 .598 7,40 1.12 

10.20 .589 8.90 1.11 

580 — 10.70 1.12 
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TABIE 18 
Gr, ve M 
Wedge, 5= 20° 
er: pO 
H Oblique Pirgt Socond Typersonio 
Snook Orden Order Similitude 
2.0 .1229 .0792 «1102 «0907 
4.0 «0676 «0858 . 0834 .0750 
6.0 20617 00229 «0510 00656 
8.0 «0599 «0171 00445 00587 
10.0 00580 00144 «0414 .0558 
12,0 «0640 00114 0556 «0576 
a == 49 
M Oblique First Second 68 
5 hook Order Order Similitudo 
2.0 2591 » 1590 02197 e2221 | 
4.0 «1410 «071 « 1265 «1457 
6.0 «1268 0657 « 1006 «1507 
8.0 ‘1211 «0556 . 0892 «1500 
10.0 «1154 0276 «0856 «1551 
12.0 1154 «0228 .0778 «1292 
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Fig. 4 - 20° coNE 
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